Electrochemical machining is one of the widely used non-conventional machining processes to machine complex and difficult shapes for electrically conducting materials, such as super alloys, Ti-alloys, alloy steel, tool steel and stainless steel. Use of optimal ECM process conditions can significantly reduce the ECM operating, tooling, and maintenance cost and can produce components with higher accuracy. This paper studies the effect of process parameters on surface roughness (Ra) and material removal rate (MRR), and the optimization of process conditions in ECM. Experiments were conducted based on Taguchi's L9 orthogonal array (OA) with three process parameters viz. current, electrolyte concentration, and inter-electrode gap. Signal-to-noise (S/N), the analysis of variance (ANOVA) was employed to find the optimal levels and to analyze the effect of electrochemical machining parameters on Ra and MRR. The surface roughness of the workpiece was decreased with the increase in current values and electrolyte concentration while causing an increase in material removal rate. The ability of the independent values to predict the dependent values (R 2) were 87.5% and 96.3% for mean surface roughness and material removal rate, respectively.
Introduction
Electrochemical machining (ECM) is among the well recognized non-conventional manufacturing processes in industry. An electrical current passes through an electrolyte solution between an anode (workpiece) and a cathode (tool). The workpiece is eroded in accordance with Faraday's law of electrolysis [1] .
Though, the principle of electrolysis was in use for a long time in a process called electroplating. But with certain modifications, ECM is often characterized as "reverse electroplating", with difference of no deposition of workpiece on cathode. In today's manufacturing era, machining process quality relies on surface finish of the machined workpiece to a great range. ECM contributed a lot to obtain good surface finish while machining. To enhance the machining performance, the precise selection of machining parameters is still a demanding job in ECM process as it is very difficult process involving so many unpredictable chemical reactions during machining. Various investigations have been carried out for improving the surface roughness (Ra) process characteristic of ECM process by numerous researchers [2] . Neto, J., et al. [3] took material removal rate (MRR), surface roughness (Ra) and over-cut as response parameters for studying process variables in electrochemical machining (ECM) of Valve-Steel. The surface roughness decreased with the increase in tool feed rate. Ganesan, G., et al. [4] used non-dominated sorting genetic algorithm-II (NSGA-II) to optimize the ECM process. Production rate was increased considerably by decreasing machining time. Chakradhar, D., and Gopal, A., [5] found tool feed rate as more influencing machining parameter by performing ANOVA in investigation and optimization of EN-31 steel, using grey relation analysis. Acharya, B.R., et al.
[6] adopted Response Surface Methodology (RSM) to investigate the effect of four machining parameters, i.e., electric current, voltage, electrolyte flow rate and inter-electrode gap on MRR and surface roughness (SR). The surface roughness was influenced greatly by current. Goswami, R., et al. [7] reported the ECM of Mild Steel and Aluminium by using Taguchi method to analyze and predict the optimal process input parameters for material removal rate (MRR) and surface roughness (Ra). For both materials, current was the most significant machining parameter for surface roughness. Senthilkumar, et al. [8] developed a mathematical model in terms of machining process and studied the effect of various process parameters, such as electrolyte flow rate, electrolyte concentration, voltage and tool feed rate on the material removal rate and surface roughness Sathiyamoorthy, V., and Sekar, T., [9] used NaCl aqueous solution in electrochemical machining of die steel and three electrolyte jet patterns namely straight jet in circular, inclined jet in circular and straight jet in spiral to analyze the influence of electrolyte distribution on the surface roughness and material removal rate. Parameters for Ra and MRR prediction in ECM of LM25 Al/10%SiCp composite.
In the past, various researchers have attempted to study and optimize ECM process by taking process input parameters, such as electric current, voltage, tool feed rate, electrolyte concentration, electrolyte flow rate, inter-electrode gap, etc. and analyzing their effect on response parameters viz. material removal rate, surface roughness, radial overcut etc., which decide the cutting performance. A very rare work has been done by taking work material as an input parameter for experimental study of ECM, as performance of process also be influenced by type of work material due to its chemical and electrical characteristics. In spite of other important input parameters, the workpiece material is one of the important parameter, which affects the surface roughness. As ECM is an atomic dissolution of work material involving chemical reactions during machining, so the chemical characteristics of work material affect the response parameters [2] . Taguchi Method (TM) was proposed by Genichi Taguchi, a Japanese quality management consultant. The aim of TM is to reduce the number of experiments to study the entire parameter space. The experimental results are then transformed into a signal-to-noise (S/N) ratio, a determination of quality characteristics deviating from or nearing to the desired values. There are three categories of quality characteristics in the analysis of the S/N ratio, i.e., the nominal is the better , the higher is the better , and the lower is the better. The equation used for calculating S/N ratio for obtaining the smallest Ra is:
The quality characteristic for material removal rate (MRR) is of the-higher-the-better type. The equation used for calculating S/N ratio for obtaining the largest MRR is::
Where n: number of replications. y i : observed response value In the current research work, an effort has been made to study the effect of input parameters on the surface roughness and material removal rate by selecting current with electrolyte concentration and inter-electrode gap as another two parameters and optimize these input parameters to improve Ra and MRR, using brass electrode and carbon steel (1020) anode in Taguchi method.
Experimental Work
The experimental setup includes an electrochemical machining unit and electrolyte tank. NaCl aqua solution was used as the electrolyte. The electrolyte is filled in the electrolyte tank and is supplied to the machining unit through an electrolyte pump. Brass tool has been used as an electrode as shown in Figure 1 , and the electrolyte passes on the electrode. The ECM is shown in Figure 2 . The machining unit includes a spindle through which the electrode is inserted. The workpiece is fixed in a small vise and moved to the appropriate position using hand wheels. The maximum permissible current was set, and the inter electrode gap was accurately set by touching the electrode and then feeding the electrode in reverse direction for a specified time [11] . A tool of dia.8 mm was set throughout the experiments. The material to be used as tool or electrode should posses desirable properties, like easily machinable, low wear rate, good conductor of electricity and heat, cheap and readily available. In this experiment, brass was taken as (tool) electrode material at cathode. It is designed in circular shape so as to cut the cavity in workpiece in the similar profile. Then, the machining was done for the set values in Table 3 . Carbon steel (1020) workpiece with a hardness of BHN 163 was used. The chemical compositions of tool and workpiece material are presented in Table.1. and  Table. 2., respectively, which were tested in Central Organization for Standardization and Quality Control . The experiments were conducted by setting different levels of parameters, and the results were recorded. The roughness measurement device was used to measure the roughness after every test to compare the results, and a weighing electronic machine with ±1mg accuracy was used for measuring the material removal rate (MRR) in gram. The experiments were conducted according to Taguchi analysis by using the machining set-up and the designed circular shaped electrodes. The control conditions, like applied voltage, feed rate, electrolyte concentration, and pressure, were varied to conduct nine different experiments and the weights of the workpieces were taken for calculation of material removal rate. MRR was calculated by the following formula as given: MRR = (initial weight-final weight) / Time ...(3) During each drilling operation based on Taguchi L9 orthogonal array, the machining time was noted down. The weights of the workpieces were measured by the digital weighing machine before and after each operation. The standard Taguchi orthogonal array of L9 (3 4 ) has been employed. Table (1) shows this array with cutting parameters used here in this research and combination of their levels for each experiment. 
Results and Discussion
As illustrated in Figure 3 , the comparison of the experimental data and the model reveals that the prediction is satisfactory for surface roughness. Surface roughness for each experiment is measured using portable surface finish tester, the regarding between measured and predicted material removal rate as shown in Figure 6 , it is clear there is an agreement in more points between two bar charts , this shows the efficiency Taguchi method to predict the variables. The ability of the independent values to predict the dependent values) R 2 pieces is 87.5% and 96.3% for mean surface roughness and material removal 76 rate respectively The average (mean) of these characteristics and S/N ratio (in decibels) is shown for each characteristic.. To investigate the designed conditions and to indicate the conditions is the main purpose of used the analysis of variance (ANOVA), which significantly affect the quality characteristic. This analysis helps to find out the relative contribution of finishing parameter in controlling the response of the ECM process. In the analysis, the summation of the square deviation is calculated from the value of S/N ratio by separating the total variability of S/N ratio for each control parameter. The "P%" value in Tables (5 and 6 ) shows the effectiveness of each condition toward affecting the related response characteristics within the limited range. From Table ( 5), it is concluded that the current (parameter A) is the most significant parameter for minimum surface roughness, and the electrolyte concentration (parameter B) is the next significant parameter for minimum Ra. Figures (4 and 5) shows the plot of the means of the surface roughness and the means of S/N ratio .
In the Figures it is concluded that the optimal parametric combination for minimum surface roughness is A1 B3 C1, i.e., at 30 amp current, 125 g/l electrolyte concentration and 0.5 mm inter-electrode gap. The lowest surface roughness height Ra was suggested that the parametric combination within the considered range as mentioned above gives. From Table (6), it is concluded that the electrolyte concentration (parameter B) is the most significant parameter for maximum MRR, inter-electrode gap (parameter C) is the next significant parameter for maximum MRR. Figures (7 and 8) shows shows the plot of the means of the material removal rate and the means of S/N ratio. The optimal parametric for maximum material removal rate is A3 B3 C1, i.e., at 70 amp current, 125 g/l electrolyte concentration and 0.5 mm interelectrode gap. The minimum quantity of the tool metal removed is considered as an indicator that the tool life will be longer at these levels combinations of cutting conditions. 
Conclusions
From the present work the major conclusions which can be deduced can be summarized as follows: 1-The ability of the independent values to predict the dependent values R 2 pieces are 87.5% and 96.3% for mean surface roughness and material removal rate, respectively. 2-The current (parameter A) is the most significant parameter, and the electrolyte concentration (parameter B) is next significant parameter for minimum Ra. 3-For minimum surface roughness the optimal parametric combination is A1 B3 C1, i.e., at 30 amp current, 125 g/l electrolyte concentration and 0.5 mm inter-electrode gap. 4-The electrolyte concentration (parameter B) is the most significant parameter, and the interelectrode gap (parameter C) is next significant parameter for maximum MRR. 5-The optimal parametric for maximum material removal rate is A3 B3 C1, i.e., at 70 amp current, 125 g/l electrolyte concentration and 0.5 mm inter-electrode gap. 6-The surface roughness of the workpiece is decreasing with increasing in current values, while the material removal rate is increasing. 7-The surface roughness of the workpiece is increasing with increasing inter-electrode gap while causing a decrease in material removal rate. 8-Increasing the electrolyte concentration causes decreasing of surface roughness and increasing material removal rate.
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